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@ Radiation curable binder composition for powder paint formulations. 

@ The invention relates to a radiation curable binder composition for powder paint formulations. The binder 
composition comprises 

a) a polymer having a degree of unsaturation between 300 and 1800 grams per mole of unsaturated group 
(WRU), having a molecular weight Mn between 800 and 6800 and a viscosity between 1 dPas and 800 dPas 
and 

b) a crosslinking agent having vinyl ether, vinyl ester or (meth)acrylate functional groups. 
The polymer is an unsaturated polyester and/or an unsaturated poly aery late. 

The binder composition can be used in the preparation of powder paint formulations which can be applied to 
heat-sensitive substrates such as wood and plastic and which can be cured with UV or electron beam radiation. 
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The invention relates to a radiation curable binder composition which can be used in the preparation of 
powder paint formulations for application on heat-sensitive substrates. 

As appears from the article "Overview of the powder coatings market worldwide" by G. Maggiore in 
Pitture e Vernice Europe 1/92, pp 15-22, the search is ongoing to discover powder paint formulations in 
5 which curing causes only a minor thermal load on the substrate and therefore is suited for heat-sensitive 
substrates such as wood, plastic or construction elements. 

It was also stated in the recent 1993 lecture "Radiation curing of powder coating" by Dr. Wittig at the 
Radtech Europe 1993 Conference (2-6 May 1993), that radiation curable binder compositions (a binder 
composition is the combination of a resin with a crosslinker) are not yet commercially available. 
10 Specifically, there has been a long-felt need to develop powder coatings that have the desired 
combination of good shelf life at relatively high temperatures (such as, for example, about 40 • C) on the one 
hand and a sufficiently low viscosity at a relatively low curing temperature at which curing can take place 
(so as to attain good flow) on the other. 

The object of the invention is to provide a binder composition for powder coatings having a long shelf 
75 life at temperatures of, for instance, about 40 "C and lower, a good processability and flow behaviour at 
temperatures of between, for example, 80 'C and 140'C, and the ability to be cured with radiation so that 
application of powder paint formulations to heat-sensitive substrates, such as wood. 

The term wood as a substrate includes fibre board, MDF (medium density fibre board) or any substrate 
for of which a significant proportion consists of wood. 
20 The invention is characterized in that the binder composition comprises 

a) a polymer having a degree of unsaturation between about 300 and 1800 grams per mole of 
unsaturated group (WPU), having a molecular weight Mn between about 800 and 6800 and a viscosity of 
between 1 dPas and 800 dPas, and 

b) a crosslinking agent having vinyl ether, vinyl ester or (meth)acrylate functional groups. 

25 Mn is determined from gel permeation chromatography (GPC) using a polystyrene standard. 

The viscosity of the polymer is measured with an Emila rheometer at 165'C (as described at page 187 
of Misev, Powder Coatings, Chemistry and Technology, Wiley 1991). 

Some of the advantages of this invention - long shelf life at 40 'C, the ability to be radiation curable, 
and good flow behavior at temperaturs between about 80 ' C and about 1 40 ' C - allow this binder 
3o composition to be used in powder paint formulations that can be applied to heat-sensitive substrates. 

An advantage for coatings prepared with this binder composition and cured with radiation is that the 
coated substrate can be immediately stacked. The customary storage of physically dried coatings on wood 
can be as long as 24 hours. 

Another advantage of the present invention is the good coid-check resistance. An important property of 
35 wood in comparison with, for instance, metal as a coating substrate is that wood warps, shrinks and 
expands in response to changes in temperature and relative humidity. Thus, a powder coating that has 
been applied to a wooden susbtrate must be both flexible and hard. The cold-check resistance (measured 
according to ASTM-D-1211-87) is a measure of this flexibility and the coating must withstand at least 100 
cycles. 

40 Also, the sandability of the coating obtained is excellent. 

Other required properties of the powder coatings. prepared from this binder compositions, such as for 
example hardness (DIN 53157), flow, colour stability, scratch resistance (ISO 1518) and adhesion (DIN 
53151) are also excellent. 

In the polymer containing unsaturation in an amount of between 300 and 1800 grams per mote of 
45 unsaturated group the unsaturated groups can be positioned either within the polymer chain or at the end of 
the chain. 

Unsaturated polyesters, unsaturated poly aery lates and/or mixtures thereof are preferably used as 
polymer having unsaturated groups. 

The unsaturated polyester preferably has a degree of unsaturation between 300 and 1800 grams per 
50 mole of unsaturated group (WPU), a molecular weight (Mn) between about 800 and about 6800 and a 
viscosity between 1 dPas and 350 dPas. 

The degree of unsaturation for the unsaturated polyester is preferably between 300 and 600 grams per 
mole of unsaturated group. 

The molecular weight (Mn) is preferably between about 2500 and about 4500. 
55 The unsaturated polyester can be (semi)crystalline or amorphous. Generally, an advantage of crystalline 
unsaturated polyesters over amorphous unsaturated polyesters is that stable powder coatings with lower 
viscosity and better flow can be more easily prepared. 
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In general, the glass transition temperature (Tg) of the amorphous resin is higher than 40 'C. Semi- 
crystatline resins have a Tg and a melting point <Tm) and Tg is lower than Tm. 

The melting point of the (seml)crystalline unsaturated polyester Is between about 40 • C and about 
180'C. and preferably, is between about 60 'C and about 140*C. The melting point and the melting range 
5 are discussed at pages 36, 286 and 295 of Misev, Powder Coatings, Chemistry and Technology Wiley 
1991, the disclosure of which is incorporated herein by reference. 

Thermosetting powder coatings that are based on unsaturated polyester are described in Misev, 
Powder Coatings, Chemistry and Technology, at pages 167-170, the complete disclosure of which is 
incorporated herein by reference. 
10 Preparation of the unsaturated polyester can be carried out in a one-step process in which unsaturated 
polyfunctional carboxylic acids and glycols are heated to a temperature, for example, between about 180 'C 
to about 230 • C for between about 6 hours to about 1 5 hours. 

Preparation of the unsaturated polyester can also be carried out in a two-step process in which 
saturated glycols and saturated polyfunctional carboxytic acids are esterified in a first step at. for example. 
75 between about 230 'C to about 250* for between about 2 hours to about 8 hours. In a second step, 
saturated or unsaturated glycols and acids, or mixtures thereof, are esterified at, for example between about 
180 • C and 220 'C for between about 2 to about 8 hours. 

In general, the unsaturated polyester is obtainable from the condensation of one or more aliphatic or 
cycloaliphatic mono-, di- or polyfunctional alcohols, or mixtures thereof, one or more aliphatic, 
20 cycloaliphatic. or aromatic di- or polyfunctional carboxylic acids, or mixtures thereof, and if desired, a 
monofunctional carboxylic acid or the corresponding ester of this monofunctional carboxylic acid. 

Examples of suitable alcohols and glycols include, among others, benzyl alcohol, ethylene glycol, 
propylene glycol, neopentylglycol. butanediol. hexanediol. dimethylol cyclohexane. diethylene glycol, glyc- 
erol, trimethylol propane, pentaerytritol, dipentaerythritol, or mixtures thereof. Instead of an alcohol or glycol, 
25 or together with an alcohol or glycol, one or more epoxy compounds such as, for example, ethylene oxide, 
propylene oxide, allyl glycidyt ether, or mixtures thereof, can be used. 

Examples of suitable di- or polyfunctional carboxylic acids include maleic acid, fumaric acid, itaconic 
acid, citraconic acid, majonic acid, succinic acid, glutaric acid, adipic acid, sebacic acid. 1 ,4-cyclohexane 
dicarboxyiic acid, hexahydrophthalic acid, hexachloroendomethylenetetrahydrophthalic acid, dichlorophthaiic 
30 acid, isophthalic acid, terephthalic acid, trimellitic acid, or mixtures thereof. 

Fumaric acid, maleic acid, or a mixture thereof, is preferred. 

The carboxylic acids can also be applied in the corresponding anhydride form, so that, for example, 
tetrahydrophthalic anhydride, maleic anhydride, phthalic anhydride, or mixtures thereof can be used. 

If desired, the unsaturated polyester can also be obtained from saturated or unsaturated monofunctional 

35 carboxylic acids, or mixtures thereof. These monofunctional carboxylic acids include, for example, synthetic 
or natural fatty acids having 2 to 36 carbon atoms. Corresponding esters of monofunctional alcohols such as 
glycerol are used for esterification. Examples of suitable monofunctional carboxylic acids Include, among 
others, lauric, stearic, oleic, linoleic, benzoic, acrylic, methacrylic acid, or mixtures thereof. The unsaturated 
polyester can also contain dicyclopentadiene. 

40 In order to encourage crystallization of the polyester, it is desirable, bu* not required, that the monomers 
used for polycondensation contain an even number of carbon atoms. Use of cyclic monomers which are 
symmetrically substituted with high symmetry such as, for example, para-substituted phenyl rings generally 
promotes crystallinity, as known to those skilled in the art. For example, terephthalic acid, cyclohexane 
dicarboxyiic acid, dimethylolcyclohexane, or mixtures thereof, can be used. Although the melting points of 

45 polyester resins based on cyclic monomers with high degrees of symmetry are too high for application on 
wood, the melting points can be lowered by using these cyclic monomers in combination with linear 
monomers having general formula HOOC(CH2)nCOOH and HO(CH2)nOH, where n is an even number in the 
range of 2 to 12. 

Monomers useful for promoting crystallinity in the semicrystalline polyester preferably have an even 
50 number of carbon atoms, as is known to those skilled in the art. Examples include terephthalic acid, 
isophthalic acid, adipic acid, cyclohexane dicarboxyiic acid, hexanediol, butanediol, neopentylglycol ester of 
hydroxy ptvalic acid ("esterdiol"), dimethylol cyclohexane. or mixtures thereof. Preparation of semicrystalline 
polyesters is described in, for example, WO-A-91 -14,745. the complete disclosure of which is incorporated 
herein by reference. 

55 If the unsaturated polyester is hydroxyl-functionalized, then the hydroxyl number of the polyester is 
usually between about 18 mg KOH/gram of resin and about 75 mg KOH/gram of resin, and preferably, is 
between 25 mg KOH/gram of resin and about 45 mg KOH/gram of resin. 
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^^^'"s^S^racrytt^p^Zr^^^^^ -ance. acry.ata pCy.e. Having several side chains ccnt^n- 

'"^ rrSr^an .e obtained .eans °- -tXr:rso' V^ST^^^^^^^^^^ 

is prepared by a conventional P°'y'"«"f '°" ^^ ^d ^c" 31^00^^^^^ tun.^ional monomer, which 

monomer is copolymerlzed to obtam a ^^^^o^, example, an epoxy functionalized 

group, is added at temperatures '^t^vaan. for example 50 C and 150 C an^ ^ .^^^^^ ^^.^ ^^^^^3 
some hours. Progress of the reaction can b^^.-^""'*"^^.^ '^^^'^^^^f ' f '^^^^^^^ behveen a compound having 
or isocyanate groups. Addition reactions of this second step J""*^"';^^^ g^oup and an 

an acid group and an epoxy functional acrylate polymer l^^^^'^^^^'^^Z^ iZ J" ^ 
isocyanate functlonalized acrylate P'^^^'^^'- X^°Tl^ X^^J JZ Z^^^ 
functionallzcd acrylate polyrnen J^P^^^^^^^^^^^ ac?y.ateU-er. 
acrylate polymer or a compound having an ^P^^V y'""*: ^^ivmsr to react with {meth)acrylic acid- 

hydroxybutylvinyl ether, malelc anhydride, or '"'^^^"'^^ '"^^^^^^^^^ ^ multi-step process. For example, 

The unsaturated acrylate polymer can also be '^^ J, ^^""3^^^ Tsophorone diisocyanate 

one of the isocyanate groups of a diisocyanate compound ^^"^^l:^^^' J^^^^ is allowed to react 

(,PD1). hexamethylene diisocyanate (HDl) "^^-^^^^^V^ff ^i^y'^J.^^'^^f compound, which 

with a methacrylate monomer having the ►'Vdroxyl hi c^honj^. -ma res^ ^^^P^ ^^^^^^.^^ 

r^a^rrrcSrc^^^^^^^ ---- 

;°;pTr:7uslng. fore^ample, ^oxyethyl -^^^ cVrpSf accoT^^^^^^^ present invention is 
an oligomer or polymer having vinylether groups is ^PP''^'^^ , ^^^ ^ ether functlonalized 

contains at least two vinyl groups per molecule. crosslinklna agents are preferred because good 
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polymer. 

The relative amounts of polymer having unsaturated groups and crosslinking agent in the binder 
composition depend in part on the choice of crosslinking agent. In general, if the crosslinking agent is vinyl 
ether functionalized, the equivalent ratio of polymer unsaturation to crosslinking agent unsaturation is 

5 between 1:2 and about 2:1, and preferably, about 1:1. In general, if the crosslinking agent is a methacrylate 
or a vinyl ester functionalized compound, the equivalent ratio of polymer unsaturation to crosslinking agent 
unsaturation is between about 1 :2 and about 2:1 , and preferably, about 1 :1 .3. 

Radiation curing is preferably carried out via ultraviolet (UV) or electron beam (EB) curing. These 
techniques are described in, for example, the article. "UV and EB-curing", by S.J. Bett et al. in Jocca 1990 

10 (1 1 ). pgs. 446-453, the complete disclosure of which is incorporated herein by reference. Most preferably 
UV-curing is applied. 

For UV-radiation curing of the powder paint formulation a photoinitiator is mixed with the binder 
composition at a temperature between, for example, about 90 'C and about 150*C. Mixing can take place 
in a solvent or in the melt with use of an extruder, wherein the latter is preferred. Pigments, flow promoters. 

75 other additives, or mixtures thereof, can also be used. The paint can be applied to the substrate or 
electrostatically sprayed. The powder paint can be placed in an oven and can be exposured to IR radiation, 
or a combination of both. The applied powder paints is molten at temperatures between, for example, about 
80 • C and about 1 40 • C to form a continuous, smooth coating with coating thickness between, for example, 
about 50 um and about 200 um. Then, the hot panel is cured with use of a UV light source. Post-heating 

20 can also be carried out. 

Suitable photoinitiators allow for initiation of the curing process with exposure to light having 
wavelengths between about 200 nm and about 600 nm. Suitable photoinitiators have ketone functionalities 
and can be aromatic such as, for example, benzophenone, Darocur 1173® (Merck) is a suitable benzyl- 
ketal-based photoinitiator, which contains 2-hydroxy-2-methyI-1 -pheny I propane-1-oneas active component. 

25 Irgacure 184® (Ciba) is an aryl ketone containing hydroxycyclohexyl phenyl ketone as active component, 
and is a suitable photoinitiator. Irgacure 369® (active component 2-benzyl-2-dimethylamino-1-(4-mor- 
pholinopheny()-butanone-1) is also suitable. Acyl phosphines, such as 2,4,6,-trimethylbenzoyl diphenyl 
phosphone oxide (Lucerine TPO®, BASF) can also be used, as can Quantacure CPTX® (Octel Chemicals), 
which contains 1-chloro-4-propoxy thioxanthone as active component Chemical derivatives of photoinitiators 

30 are suitable, as are mixtures of photoinitiators. If the above-cited photoinitiators, which are Norrish type I or 
Norrish type li photoinitiators, are used, additional use of a synergist is customary, as known to those skilled 
in the art. 

A very important advantage of the radiation curing according to the present invention is that flow of the 
powder paint on exposure to heat is fully divorced from the curing reaction on exposure to UV or electron 
36 beam radiation, which enables powder coatings to be made that exhibit excellent flow. 

By applying the aforementioned heating and curing techniques, the coating is given a higher tempera- 
ture than the substrate, resulting in a lower thermal load on the substrate, which is most essential for woord 
as substrate. 

Common additives such as pigments, fillers, flow promoters, stabilizers, or mixtures thereof can be 
40 used, as known to those skilled In the art. Suitable pigments include, for example, inorganic pigments such 
as titanium dioxide, zinc sulphide or iron and chromium oxide, and organic pigments such as azo 
compounds. 

Suitable fillers include, for example, metal oxides, silicates, carbonates, sulfates, or mixtures thereof, as 
known to those skilled In the art. 
45 GB-A- 1360688 relates to a coating system, comprising for example unsaturated polyesters, which can 
be applied on wood. However, this system is hardenable by ionizing radiation (which does not comprise 
UV-curing). Furthermore this system does not relate to a powder coating system because it relates to a wet 
coating system which is unrelated to powder coating systems. 

This invention will be further elucidated by a consideration of the following experiments and examples, 
50 which are intended to be purely exemplary of the use of the invention. 



55 



5 



03/16/2000 11:06:53 Seite -5- 



EP 0 636 669 A2 



Examples 



10 



15 



Experiment 1 

Preparation of Unsaturated Polyester 

™„u,«9 • TA 3000 > hMlng «• ot 6 • O/mm- 



Experiment 2 

20 Preparation o1 Vinvl Ether FunctioP ^n^ad Crosslinking Agent 

A 4-,iter cviindrica. reactor was provided with a — --^^^ rT^rrorXofr. 
with 3.3 moles of 1 ,6-hexaneciiisocyanate. 2.1 °* '^Jf ' J^J^^^^ vinyl ether were 

While supplying a constant flow of nitrogen to Jie J «^f^^^^^^^^ 1 --«on'milre was heated to 
- :ro^f atrr rrs^a^eri? SZ^:S:::s ..r.. washes with hexane, ana dried 

""'';h"ion product had a melting range of about go-IOS-C, which was measured using a Mettler TA 
3000 system and a heating rate of 5"C/min. 

30 

Example 1 

rnrinrr of Unpiomented PowH<.r Paint with UV Radiation 

150 • C to yield a homogeneous paint formulation fraction of particles 
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• flow (visually determined) 

- appearance (visually determined) 

- scratch resistance (ISO 1518) 

- acetone resistance 

- ability to be sanded 

- cold check resistance 



- adhesion (DIN 53151) 



good 
good 
good 

> 100 double rubs 
good 

> 100 cycles, 1 cycle comprising 1 hour at 
50*C. 1 hour at -20 -C and 1 hour at 20*0 
good 
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While the invention has been described in detail and with reference to specific embodiments thereof, it 
will be apparent to one of ordinary skill in the art that various changes and modifications can be made 
therein without departing from the spirit and scope thereof. 

Claims 

1. A radiation curable binder composition for powder paint formulations, comprising 

a) a polymer having a degree of unsaturation between 300 and 1800 grams per mole of unsaturated 
group (WPU), having a molecular weight Mn between 800 and 6800 and a viscosity between 1 dPas 
and 800 dPas and 

b) a crosslinking agent having vinyl ether, vinyl ester or (meth)acrylate functional groups. 

2. A binder composition according to Claim 1, characterized in that said polymer is an unsaturated 
polyester and/or an unsaturated poly aery late. 

3. A binder composition according to any one of Claim 1-2, characterized in that said polymer is an 
unsaturated polyester having a degree of unsaturation between 300 and 1800 grams per mole of 
unsaturated group (WPU), a molecular weight (Mn) between 800 and 6800 and a viscosity between 1 
dPas and 350 dPas. 

4. A binder composition according to any one of Claims 1-3, characterized in that the crosslinker is a 
divinyl ether functionalized urethane compound. 

5. Use of a binder composition according to any one of Claims 1-4 in the preparation of powder paint 
formulations for use in the coating of heat-sensitive substrates. 

6. Use according to Claim 5 in which the heat-sensitive substrate is wood. 

7. A UV-curable powder paint formulation based on a binder composition according to any one of claims 
1-4 and a photoinitiator. 

8. A powder coaling obtained by curing of a powder paint formulation according to claim 7, pigment and 
usual additives. 



9. A process that comprises applying a coating based on a binder composition according to any one of 
claims 1-4 to a heat-sensitive substrate. 

10. A substrate wholly or partially coated with a powder coating according to Claim 8. 
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